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FIG. 3

Side view
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FIG. 7

START

5200

Accept instruction

information

S201

Obtain taken image of
component P1

S202

The number of taken images
is not lower than the necessary
umber of images?

S203 N

Compute color distribution
trend data of component P1

S204

Select of past component having

similar color distribution trend

5205
Read image of selected
past component
S206

Generate teacher image
information {teacher data) for
component P1



U.S. Patent May 18, 2010 Sheet 8 of 19 US 7,720,274 B2

FIG. 8
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FIG. 15

Acceptable image Defective image

Acceptable Defective

Acceptable Neglect




U.S. Patent May 18, 2010 Sheet 16 of 19 US 7,720,274 B2

FIG. 16

Template

R
i ~ 86
85~ Il
i |
Acceptable image Defective image




U.S. Patent May 18, 2010 Sheet 17 of 19 US 7,720,274 B2

FIG. 17A
2955
LSup
Brightness
Linf
o, Binf BSup 255
Blue signal intensity
FIG. 178
295
LSup
Brightness

Linf

O Binf BSup255

Blue signal intensity



US 7,720,274 B2

Sheet 18 0f 19

May 18, 2010

U.S. Patent

T

Baly

weibojsiy eale ajqejdaooy

02

1 Aduanbaiy

ployseuy]

ey

Aouanbaig

welbojsiy eale aAaa}aQ

0

02

{ Aouenbai4

8l ‘Old



U.S. Patent May 18, 2010 Sheet 19 of 19 US 7,720,274 B2

FIG. 19

_ I W
% _____ . - ’% \
''''' N

///

//// 107



US 7,720,274 B2

1

BOARD INSPECTION APPARATUS AND
METHOD AND APPARATUS FOR SETTING
INSPECTION LOGIC THEREOF

BACKGROUND OF THE RELATED ART

1. Field of the Invention

The present invention relates to a technology for generat-
ing 1spection logic used 1 a board inspection apparatus,
particularly to the technology 1n which the 1mspection logic
can be generated from a small amount of teaching data.

2. Description of the Related Art

Conventionally, there has been proposed a board 1nspec-
tion apparatus for inspecting surface-mounted quality of a
printed board on which many electronic components are
mounted, particularly the board inspection apparatus for per-
forming the ispection by using an image 1n which the board
or a part of the printed board 1s taken. In such pieces of
ispection apparatus, it 1s necessary that ispection logic be
previously established to determine whether the surface-
mounted quality of the components 1s acceptable or defective.

Sometimes the following technique 1s adopted in the
inspection apparatus in which the image 1s utilized. That 1s, an
image 1n which an acceptable sample 1s taken and an image 1n
which a defective sample 1s taken (teaching data) are ana-
lyzed to determine a difference between the acceptable image
and the defective 1image, and the resulting inspection logic 1s
used when analyzing an image to determine whether the
surface-mounted quality of the corresponding component 1s
acceptable or defective.

In this case, 1n order to generate the high-reliability inspec-
tion logic, it 1s desirable to previously prepare a suificient
amount of teaching data. However, at the actual production
site, 1t 15 difficult to prepare a suilicient amount of teaching
data before a new component 1s brought for inspection. Par-
ticularly, for a defective product, 1t 1s difficult to predict which
kind of defect 1s generated during production, and there are
innumerable variations 1n defects. Therefore, it 1s very difi-
cult to prepare the suilicient number of samples that cover all
the defects.

Accordingly, a sufficient amount of teaching data cannot
be prepared for a certain time after the new component 1s
brought for inspection, which results 1n a problem that 1nspec-
tion logic reliability cannot be improved.

Thus, there remains a need for a method for generating
highly reliable inspection logic for a new component, which
allows automation of teaching while requiring a reduced
amount of teaching even 1n cases where there 1s a small
number of samples.

[

SUMMARY

According to an embodiment of the invention, a method of
setting 1spection logic, relating to a previously processed
component, includes a step of storing the image of the previ-
ously processed component; a step of computing, for
instance, color distribution trend data which indicates a color
distribution trend of the focused region in the image of the
previously processed component; a step ol obtaimng the
image of the new component; a step of computing color
distribution trend data which indicates the color distribution
trend of the focused region 1n the 1image of the new compo-
nent; a step of selecting the previously processed component
having the color distribution trend similar to that of the new
component by comparing the color distribution trend data
concerning the new component and the color distribution
trend data concerning the previously processed component; a

5

10

15

20

25

30

35

40

45

50

55

60

65

2

step ol reading the 1image of the selected previously processed
component from the storage device; and a step of generating
the mspection logic of the new component using the 1mage of
the new component and the 1mage of the read previously
processed component as teaching data.

An apparatus according to an embodiment of the imnvention
for setting inspection logic includes a storage device in which
the 1image of the previously processed component 1s stored; an
image obtaining device which obtains the 1image of the new
component; a color distribution trend computing device
which computes both color distribution trend data for indi-
cating a color distribution trend of the focused region in the
image ol the new component and color distribution trend data
for indicating the color distribution trend of the focused
region 1n the image of the previously inspected component; a
similarity component selecting device which selects the pre-
viously 1nspected component having the color distribution
trend similar to that of the new component by comparing the
color distribution trend data concerning the new component
and the color distribution trend data concerning the previ-
ously 1inspected component; a teaching data generating
device which reads the image of the selected previously
inspected component from the storage device to generate
teaching data from the image of the new component and the
image of the previously inspected component; and an inspec-
tion logic generating device which generates the inspection
logic from the teaching data.

A generating program according to an embodiment of the
invention for inspection logic includes a process of comput-
ing color distribution trend data which indicates a color dis-
tribution trend of the focused region in the image of the
previously mspected component stored 1n a storage device; a
process ol obtaining the image of the new component; a
process ol computing color distribution trend data which
indicates the color distribution trend of the focused region 1n
the 1image of the new component; a process of selecting the
previously inspected component having the color distribution
trend similar to that of the new component by comparing the
color distribution trend data concerning the new component
and the color distribution trend data concerning the previ-
ously mspected component; a process of reading the image of
the selected previously inspected component from the storage
device; and a process of generating the inspection logic of the
new component using the image of the new component and
the 1mage of the read previously inspected component as
teaching data. The program causes an information processing
apparatus to execute the processes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a hardware configuration of a board inspec-
tion system according to an embodiment of the imnvention;

FIG. 2 shows a functional configuration example of a board
inspection apparatus;

FIG. 3 shows a relationship between a shape and an imag-
ing pattern of a solder fillet;

FIG. 4 shows a flowchart of a board inspection process;

FIG. 5 shows examples of binarization results ol inspection
areas 1n an acceptable 1image and a defective image;

FIG. 6 shows a functional configuration example of a
teaching data generating unit of an inspection logic setting
apparatus;

FIG. 7 shows a flowchart of a teaching data generating
Process;

FIG. 8 shows a flowchart of a color distribution trend data
generating process;
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FIG. 9A shows an example of a two-dimensional color
histogram, and FIG. 9B shows an example of color distribu-
tion trend data;

FIG. 10 shows a color distribution trend data generating,
process;

FIG. 11 shows an example of a color distribution trend
similarity determination process;

FIG. 12 shows an example of the color distribution trend
similarity determination process;

FI1G. 13 shows a functional configuration of an inspection
logic generating unit of the inspection logic setting apparatus;

FIG. 14 shows an example of an inspection logic generat-
INg Process;

FIG. 15 shows examples of the acceptable image and the
defective 1mage;

FIG. 16 shows a solder region extracting process;

FI1G. 17 shows a color range searching process;

FIG. 18 shows acceptable and defective area histograms
and a threshold determination process; and

FI1G. 19 shows a configuration of a color highlight-method
board ispection apparatus.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the invention will be described
below with reference to the accompanying drawings.

(Configuration of Board Inspection System )

FIG. 1 shows a hardware configuration of a board 1nspec-
tion system according to an embodiment of the invention.

The board mspection system includes a board inspection
apparatus 1 and an 1nspection logic setting apparatus 2. The
board inspection apparatus 1 perform a board inspection pro-
cess. The mspection logic setting apparatus 2 automatically
generates mspection logic used in the board mspection pro-
cess of the board mspection apparatus 1. Electronic data such
as the 1mage and a parameter can be transierred between the
board 1inspection apparatus 1 and the mspection logic setting,
apparatus 2 through a wired or wireless network or a storage
medium such as MO and DVD. In the embodiment, the board
inspection apparatus 1 and the inspection logic setting appa-
ratus 2 are mdividually formed. However, the board 1nspec-
tion apparatus and the mspection logic setting apparatus may
be integrally formed by incorporating the function of the
ispection logic setting apparatus into the board nspection
apparatus main body.

(Configuration of Board Inspection Apparatus)

In the board inspection apparatus 1, a board 20 1s 1llumi-
nated with color light to take the image thereof, and the
surface-mounted quality (such as soldering state) of a sur-
face-mounted component 21 on the board 20 1s automatically
inspected with the image. The board inspection apparatus 1
substantially includes an X-stage 22, a Y-stage 23, a tlood-
lighting unit 24, an imaging umt 25, and a control processing
unit 26.

The X-stage 22 and the Y-stage 23 respectively include
motors (not shown) driven based on a control signal from the
control processing unit 26. The X-stage 22 moves the flood-
lighting unit 24 and the imaging unit 25 in an X-axi1s direction
by the drive of the motor, and the Y-stage 23 moves a conveyer
27 1n a Y-axis direction. The conveyer 27 supports the board
20.

The floodlighting unit 24 includes three annular light
sources 28, 29, and 30. The light sources 28, 29, and 30 have
the different diameters, and the light sources 28, 29, and 30
simultaneously emit red light, green light, and blue light
based on the control signal from the control processing unit
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4

26. Each center of the light sources 28, 29, and 30 1s located
immediately above an observation position, and the light
sources 28, 29, and 30 are arranged 1n a direction 1n which the
light sources 28, 29, and 30 correspond to different elevation
angles when viewed from the observation position. The
arrangements ol the light sources 28, 29, and 30 allow the
floodlighting unit 24 to 1lluminate the surface-mounted com-
ponent 21 on the board 20 with plural colors of light (three
colors of R, G, and B 1n the embodiment) at different incident
angles.

The imaging unit 23 1s a color camera which 1s positioned
immediately above the observation position while orientated
downward. Therefore, the light reflected from the board sur-
face 1s taken by the imaging unit 25, and the light 1s converted
into three primary color signals R, G, and B and supplied to
the control processing unit 26.

The control processing unit 26 includes an A/D conversion
umt 33, an 1image processing umt 34, an spection logic
storage unit 35, a determination unit 36, an imaging controller
31, an XY-stage controller 37, a memory 38, a control unit
(CPU) 39, a storage unit 32, an input unit 40, a display unit 41,
a printer 42, and a communication I/'F 43.

The A/D conversion unit 33 1s a circuit 1n which the color
signals R, G, and B are inputted from the imaging unit 25 and
converted into digital signals. Grayscale image data having a
digital amount 1n each hue 1s transferred to an 1mage data
storage area 1n the memory 38.

The imaging controller 31 1s a circuit which includes the
interface for establishing connection between the control unit
39 and the floodlighting unit 24 and 1maging unit 25. The
imaging controller 31 adjusts light quantities of the light
sources 28, 29, and 30 of the floodlighting unit 24 based on
output of the control unit 39, and the 1imaging controller 31
performs the control such that the hue outputs of the imaging
unit 25 are balanced with one another.

The XY-stage controller 37 1s a circuit which includes the
interface for establishing the connection between the control
unit 39 and the X-stage 22 and Y-stage 23. The XY-stage
controller 37 controls the drive of the X-stage 22 and Y-stage
23 based on the output of the control umt 39.

-

T'he mspection logic storage unit 35 1s one 1n which the
inspection logic used in the board imspection process 1is
stored. The board 1nspection apparatus 1 can perform plural
kinds of the inspection processes such as fillet inspection for
ispecting a solder shape and missing mspection for imspect-
ing missing of the component. The mspection logic 1s pre-
pared 1n each kind of the ispection, and the mspection logic
1s mainly formed by a region condition which regulates an
ispection target region (inspection region) in the 1image, a
color condition which extracts a predetermined color pattern
(pixel region) from the 1mage 1n the 1inspection region, and a
determination condition which determines whether the color
pattern 1s acceptable or defective. The region condition 1s a
condition which regulates a position, a size, a range, etc. of
the inspection region 1n the 1image, for example, such that “the
range of £10 pixels from a leading edge of a lead toward the
direction orthogonal to the lead and 20 pixels in the direction
along the lead.” The color condition 1s a condition which
regulates focused color characteristic amounts (1n this
example, brightness and blue signal intensity) and value
ranges of the color characteristic amounts, for example, such
that “the pixel brightness ranges from 1350 to 250 and the blue
signal intensity ranges from 1350 to 180.” The determination
condition 1s a condition which regulates a focused character-
1stic amount (in this example, area) and the value range of the
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characteristic amount (1n this example, threshold), for
example, such that “the area 1s not lower than 60% of the
ispection region.”

The 1mage processing unit 34 1s a circuit which performs a
process of extracting the inspection region determined by the
region condition from the image obtained by taking the com-
ponent 21 on the board 20, a process of extracting the region
satistying the color condition from the image (inspection
image) of the mspection region, and a process of computing
the characteristic amount value used in the determination
condition from the extracted region. The determination unit
36 1s a circuit in which the characteristic amount value com-
puted by the image processing unit 34 1s received to perform
the surface-mounted state determination process in which the
surface-mounted state 1s determined based on whether the
characteristic amount value satisfies the determination con-
dition.

The mput umt 40 includes a keyboard and a mouse, which
input operation mformation and data concerning the board
20. The mnputted data 1s supplied to the control unit 39. The
communication I'F 43 transmuits the data to and receives the
data from the inspection logic setting apparatus 2 or other
external devices.

The control unit (CPU) 39 is a circuit which performs
various computation processes and control processes. The
storage unit 32 1s one which includes a hard disk and a
memory. The program executed in the control unit 39, the
CAD information on the board, the determination result of the
board inspection process, etc. are stored 1n the storage unit 32.

FIG. 2 shows a functional configuration of the board
ispection apparatus 1. The board inspection apparatus 1
includes an instruction iformation accepting function 10, a
board carry-in function 11, a CAD mformation reading func-
tion 12, a stage operating function 13, an imaging function 14,
an mspection logic reading function 13, an inspection func-
tion 16, a determination result writing function 17, and a
board carry-out function 18. The control unit 39 controls the
above-described pieces of hardware to realize these functions
according to a program stored 1n the storage unit 32. A CAD
information storage unit 32a and a determination result stor-
age unit 325 are provided 1n the storage unit 32.

(Board Inspection Process)

Then, the board inspection process 1n the board inspection
apparatus 1 will be described. Fillet mspection will be
described here as an example of the board inspection process.
The fillet inspection 1s a process of determiming whether the
shape of a solder fillet 1s acceptable or defective.

As shown 1n an upper portion of FIG. 3, 1n the acceptable
solder fillet, a broad inclined plane are formed from the com-
ponent 21 to the land on board 20 like a plane at the foot of a
mountain. On the contrary, the area of the inclined plane 1s
decreased when 1nsuflicient solder 1s generated, and the sol-
der fillet swells on the land when excessive solder 1s gener-
ated.

FIG. 19 shows a state 1n which the solder fillet 1s 11lumi-
nated from the floodlighting unit 24. At this point, because the
red, green, and blue i1llumination light beams are incident to
the solder fillet at different incident angles, the hue of the
reflected light mncident to the imaging unit 25 1s changed
according to the iclination of the solder fillet. The 1mages
shown 1n a lower portion of FIG. 3 are obtained when the
reflected light 1s taken by the board 1nspection apparatus 1.
That 1s, the reflected light of the blue light whose incident
angle 1s the smallest 1s dominant 1 a portion where the
inclination 1s steep, while the reflected light of the red light 1s
dominant 1n a portion where the inclination 1s little. Accord-
ingly, the blue hue region 1s increased in the acceptable solder
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fillet, and the hue regions except for blue hue region are
increased 1n the defective solder fillet.

In the fillet inspection of the embodiment, the determina-
tion whether the solder fillet 1s acceptable or defective 1smade
based on a size (area) of the blue region by utilizing a color
pattern trend. Then, a flow of the fillet inspection process will
specifically be described with reference to a tlowchart of FIG.
4.

The mstruction mnformation accepting function 10 1s in a
waiting state until instruction information for providing an
istruction of execution of the board mnspection 1s inputted
(NO 1n Step S100 and Step 101). When the 1nstruction infor-
mation 1s inputted by operating the input unit 40 or from the
external device through the communication I'F 43, the
instruction mformation accepting function 10 transmits the
instruction information to the board carry-in function 11, the
CAD information reading function 12, and the inspection
logic reading function 15 (YES in Step S100). The instruction
information includes mformation (such as a model number)
on the board which 1s of the mspection target.

The board carry-in function 11 carries the board 20 which
1s ol the inspection target onto the conveyer 27 from the
printed board carry-in unit based on the 1nstruction informa-
tion (Step S102), and the CAD information reading function
12 reads the CAD information corresponding to the board
model number from the CAD information storage unit 32a
(Step 103). The CAD information includes the size and shape
of the board 20, the number of components, and the kinds and
surface-mounted positions of the components mounted on the
board 20. The inspection logic reading function 15 reads the
ispection logic for fillet inspection from the mspection logic
storage unit 35 according to the kind of the component
obtained from the CAD information (Step S104). The imnspec-
tion logic includes the region condition, the color condition,
and the determination condition.

The stage operating function 13 obtains the pieces of infor-
mation such as the size and shape of the board 20 and the
component arrangement from the read CAD information, and
the stage operating function 13 operates the X-stage 22 and
Y-stage 23 through the XY-stage controller 37 such that the
plural components mounted on the board 20 are sequentially
aligned with the observation position (1maging position)
(Step S105).

On the other hand, the imaging function 14 causes the three
light sources 28, 29, and 30 of the floodlighting unit 24 to emat
the light through the 1maging controller 31 to simultaneously
illuminate the board 20 with the red, green, and blue light
beams. The imaging function 14 controls the imaging unit 235
through the 1imaging controller 31 to take the image of the
component 21 on the board 20 1n synchronization with the
operations of the stages 22 and 23 (Step 106). The image 1s
captured in the memory 38.

The mspection function 16 extracts the solder region from
the 1mage by the image processing unit 34 (Step 107). The
solder region extracted 1n Step S107 1s the region regulated by
the region condition of the mspection logic (also referred to as
focused region). For example, the region condition 1s regu-
lated by a coordinate relative to the 1image or a coordinate
relative to the land region or component region 1n taking the
image. As shown 1n FIG. 5, a rectangular region condition
regulated by upper, lower, right, and left coordinates (desig-
nated by the number of pixels or a ratio) relative to a land
region 72 1s used 1n the embodiment. The shape of an inspec-
tion region 73 regulated by the region condition 1s not limited
to the rectangular shape, but various shapes such as a circle,
an oval, a polygonal shape, and free shape may be used as the
shape of the imspection region 73. The land region or the
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component region can automatically be specified in taking
the 1mage by, for example, template matching.

The inspection function 16 binarizes the extracted solder
region (1nspection region) using the color condition (Step
S108). At thus point, 1t 15 assumed that both the blue signal
intensity and the brightness take the 256 levels ranging from
0 to 255. The color condition used 1n this case 1s formed by
four values of an upper limit and a lower limit of the blue
signal intensity and upper limit and a lower limit of the
brightness. In the binarizing process, the pixel included 1n the
color range defined by the color condition 1s converted 1nto a
white pixel, and other pixels are converted into black pixels.

The post-binarization solder region 1s shown on the right
side of FIG. 5. As can be seen from FIG. 5, the blue regions 1n
the solder region are extracted as the white pixel to clarify a
difference (characteristic) between the acceptable image and
the defective image by the binarization on the color condition.

Then, the 1nspection function 16 extracts the characteristic
amount of the white pixel region by the image processing unit
34. In this case, the area (the number of pixels) of the white
pixel regions 1s computed as the characteristic amount. The
inspection function 16 transfers the area value of the white
pixel regions to the determination unit 36. The determination
unit 36 compares the area value of the white pixel regions to
a threshold (Step S109). When the area value exceeds the
threshold (YES 1n Step S109), 1t 1s determined that the solder
mounting quality of the component 21 1s acceptable (Step
S110). When the area value 1s not more than the threshold
(NO 1n Step S109), it 1s determined that the solder mounting
quality of the component 21 1s defective (Step S111).

The determination result writing function 17 with the
determination result 1n the determination result storage unit
325 along with a location ID (information for specitying the
component) (Step S112).

When the mspection 1s performed to all the components on
the board 20, the board carry-out function 18 carries out the
board 20 by the printed board carrying unit, and the board
inspection process 1s ended (Step S113).

According to the above-described board inspection pro-
cess, the three-dimensional shape can accurately be compre-
hended by the color pattern emerging in the two-dimensional
image, so that 1t can correctly be determined whether the
solder mounting quality (mounted state) i1s acceptable or
defective. The position where the difference between the
acceptable product and the defective product emerges clearly
1s extracted from the image, and the 1spection 1s performed
using the inspection region, so that the good determination
accuracy can be obtained.

In order to realize the high determination accuracy such
that the defective product 1s not overlooked while over-detec-
tion 1s not more than a permissible value, 1t 1s necessary that
the color condition and the determination condition be set at
optimum values by adapting the color condition and the deter-
mination condition to the inspection target. In the embodi-
ment, the generation (teaching) of the inspection logic 1s
automatically performed by the imnspection logic setting appa-
ratus 2. The generation of the inspection logic will be
described 1n detail below.

(Configuration of Inspection Logic Setting Apparatus)

As shown in FIG. 1, the inspection logic setting apparatus
2 1s formed by a general -purpose computer (information pro-
cessing apparatus) in which CPU, a memory, a storage device
such as the hard disk, an 1/O control unit, a communication
I/F, a display unit, and an information input unit (keyboard or
mouse) are included as basic hardware.

The function of the inspection logic setting apparatus 2
mainly includes a teaching data generating unit and an
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inspectionlogic generating unit. The teaching data generating
unit generates teacher image information (teaching data) used
in teaching, and the mspection logic generating unit generates
the inspection logic from the teacher image information.

(Teaching data Generating Process)

FIG. 6 shows a block diagram of a functional configuration
of the teaching data generating unit. The teaching data gen-
erating unit includes an instruction information accepting
function 50, an 1image obtaining function 51, a color distribu-
tion trend computing function 52, a similar-component
selecting function 53, and a teaching data generating function
54. A program stored 1n the memory or storage device 1s read
and executed by CPU to realize these functions.

A color distribution trend DB 55, a component image DB
56, and a teacher image information DB 57 are provided in the
storage device of the inspection logic setting apparatus 2.
Color distribution trend data of the component processed 1n
times past 1s stored 1n the color distribution trend DB 55, the
component image taken by the board inspection apparatus 1 1s
stored 1n the component image DB 56, and the teacher image
information 1s stored 1n the teacher image information DB 57.
The image of the component (new component), which 1s of
the target of the teaching data generating process and 1spec-
tion logic generating process, and the image of the component
processed 1n times past (previously mspected component) are
stored 1n the component image DB 56.

A flow of a teaching data generating process will be
described with reference to a tlowchart of FIG. 7.

The 1nstruction information accepting function 50 accepts
instruction information for generating the teaching data from
a user (Step S200). The instruction information includes
information (such as the kind of the component) on the new
component (hereinafter referred to as “component P17)
which 1s of the process target, information for specifying the
image of the component P1 stored in the component image
DB 56, information for speciiying the mspection to be per-
formed, etc.

The image obtaining function 51 obtains the image of the
component P1 from the component image DB 356 (Step
S5201). The board mspection apparatus 1 takes the images of
plural samples of the previously prepared component P1 to
obtain the image.

The image obtaining function 51 determines whether the
image obtained (namely, the sample of the component P1)
satisfies the conditions required to generate the mspection
logic for the current mnspection (Step S202). Specifically,
when the number of acceptable samples (the number of
acceptable images) and the number of defective samples (the
number of defective images) are not lower than the predeter-
mined necessary number of 1mages respectively, 1t 1s deter-
mined that the inspection logic can be generated. Although
the necessary number of 1mages 1s arbitrarily set by the user,
generally hundreds to thousands samples are preferably
required 1n order to generate the high-reliability inspection
logic.

The case, 1n which both the number of acceptable samples
and the number of defective samples do not reach the neces-
sary number of images, 1s cited here as an example. That 1s, a
procedure of generating the suificient amount of teaching
data from the few number of sample 1images will be described
below.

When the number of 1images 1s lower than the necessary
number of 1mages (NO 1n Step S202), the color distribution
trend computing function 52 computes the color distribution
trend data from the image of the component P1 (Step S203).
The color distribution trend data expresses a color distribu-
tion trend of the focused region in the 1mage.
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A flow of a color distribution trend data generating process
will be described with reference to a tlowchart of FIG. 8.

The focused region 1s extracted from each image (Step
S5300). The focused region 1s a portion (also referred to as
ispection region) where the color 1s checked 1n the 1nspec-
tion. The focused region 1s previously set in each kind of the
ispection. For example, the focused region 1s the solder
portion or the land portion 1n the case of the fillet inspection,
and the focused region 1s the component portion in the case of
the component missing inspection. The focused region can
automatically be extracted by the image recognition process
such as the template matching.

Then, a distribution on a color space 1s determined for the
color characteristic amount of all the pixels of the extracted
focused region (Step S301). At this point, the distribution for
the focused region pixels 1n the acceptable product (herein-
alter referred to as “acceptable point™) and the distribution for
the focused region pixels 1n the defective product (hereinafter
referred to as “defective point”) are determined so as to be
able to be distinguished from each other. A color histogram 1s
used 1n the following description for the purpose of visual
explanation of the color distribution. The color histogram 1s
one in which a frequency of the pixel (the number of pixels)
1s recorded 1n each point within a multi-dimensional color
space having the axis of the color characteristic amount. The
color distribution of the focused region in the 1image can be
comprehended by the color histogram.

Generally the color space 1s a multi-dimensional space
formed by at least three kinds of the color characteristic
amounts. Therefore, 1n order to correctly comprehend the
color distribution of the pixel, 1t 1s preferable to consider at
least two kinds of the color characteristic amounts. However,
since the three color light sources of red, green, and blue are
used 1n the method of the embodiment, frequently each color
emerges characteristically in the image. Particularly, 1n the
portion where the retlection close to mirror reflection 1s gen-
erated like the solder surface, the blue (1n the acceptable case)
or the red (1n the defective case) tend to emerge strongly
according to the inclination angle of the portion. Accordingly,
in order to comprehend the difference between the acceptable
color distribution and the defective color distribution, it 1s
said that the hue can sufficiently be comprehended consider-
ing the one (for example, blue) or two (for example, blue and
red) color characteristic amounts. It 1s necessary that the kind
ol the color characteristic amount be selected such that the
clear difference 1s generated between the distribution of the
color characteristic amount values obtained from the pixels of
the focused region 1n the acceptable product and the distribu-
tion of the color characteristic amount values obtained from
the pixels of the focused region 1n the defective product. This
1s because the difference 1n color distribution trend emerges
clearly 1n each kind of the component. Therefore, in the
embodiment, the blue 1s selected as the hue and the frequency
1s computed 1n each combination of the blue intensity and the
brightness, because the blue 1s included 1n the focused region
ol the acceptable product while the blue 1s hardly included 1n
the focused region of the detective product.

FIG. 9A shows an example of a two-dimensional color
histogram. In FIG. 9A, a horizontal axis indicates the blue
intensity, and a vertical axis indicates the brightness. Both the
blue mtensity and the brightness are expressed by the 256
levels ranging from O to 255. The blue signal intensity
becomes weaker as the blue intensity 1s brought close to zero.
That 1s, the blue component 1s not included 1n the pixel as the
blue itensity 1s brought close to zero, and the blue signal
intensity becomes stronger as the blue intensity 1s brought
close to 255. The brightness 1s increased as the value of the
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brightness is increased. In FIG. 9A, a white circle (O)
expresses the point at which the acceptable frequency 1s at
least one, and a black triangle (A) expresses the point at
which the defective frequency 1s at least one. The white circle
and the black triangle have the data of the frequency (the
number of pixels having the color) 1n addition to (blue 1inten-
sity, brightness). However, because the frequency informa-
tion 1s not required for the below-mentioned computation of
the color distribution trend data, the two-dimensional data of
(blue 1ntensity, brightness) may be used 1n the teaching data
generating process.

The color histogram in itself shown in FIG. 9A may be
dealt with as the color distribution trend data. However, as
shown 1n FIG. 9B, the color distribution trend which 1s further
simplified and formalized by processing (rounding) the color
histogram 1s used as the color distribution trend data in the
embodiment.

FIG. 10 shows a color distribution trend data generating
process. The two-dimensional color space of the color histo-
gram 1s divided 1n a mesh shape (Step S302). In the example
shown 1n FIG. 10A, the color space 1s divided into 64 blocks
of eight by eight. The partitions 1n the horizontal direction are
expressed by A to H, the partitions in the vertical direction are
expressed by 1 to 8, and the block where the partition A and
the partition 1 intersect each other 1s expressed by block Al.
The number of partitions 1s not limited to 8, but the color
space may be divided into the arbitrary number of partitions.
As shown 1n FIG. 10B, each block 1s further divided into nine
sub-blocks of three by three in order to utilize the computa-
tion of a round-oif error.

The color distribution trend computing function 52 checks
which pixel point on the color histogram belongs to the block,
and the color distribution trend computing function 52 also
checks which pixel point belongs to the sub-block. The block
to which the point belongs 1s set at hit-check determination
block, and a mask block is set around the hit-check determi-
nation block based on the position of the sub-block to which
the point belongs (namely, displacement amount of the
acceptable point from the center of the block).

The hit-check determination block 1s a block which 1s
utilized for both a hit mash and hit-check determination 1n the
later-mentioned similarity determination process (1dentifica-
tion process), and the mask block 1s a block which 1s utilized
only for the hit mask 1n the similarity determination process.
In this case, when the pixel point exists in the upper-lett
sub-block, the three blocks of the left, upper-left, and upper
blocks of the block 1n which the pixel point exists are set at the
mask block. Similarly, the three blocks of the upper-lett,
upper, and upper-right blocks are selected as the mask block,
when the pixel point exists in the upper-center sub-block. The
three blocks of the upper, upper-right, and right blocks are
selected as the mask block, when the pixel point exists 1n the
upper-right sub-block. The three blocks of the upper-lett, lett,
and lower-left blocks are selected as the mask block, when the
pixel point exists 1n the left-center sub-block. The three
blocks of the upper-right, rnight, and lower-right blocks are
selected as the mask block, when the pixel point exists in the
right-center sub-block. The three blocks of the lett, lower-lett,
and lower blocks are selected as the mask block, when the
pixel point exists in the lower-left sub-block. The three blocks
of the lower-lett, lower, and lower-right blocks are selected as
the mask block, when the pixel point exists in the lower-center
sub-block. The three blocks of the lower, lower-right, and
right blocks are selected as the mask block, when the pixel
point exists in the lower-right sub-block. The mask block
corresponds to the round-oil error of the pixel position. The
mask block 1s not set in the center sub-block of the block.
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(Given a specific example, 1n the case of a point X1 shown
in FIG. 10B, a block F4 1s set at the hit-check determination
block and blocks E4, ES, and F5 are set at the mask block. In
the case of a point X2, a block G6 1s set at the hit-check
determination block and blocks HS, H6, and H7 are set at the
mask block. When the plural settings are performed to one
block, the setting of the hit-check determination block has
higher priority than that of the mask block.

When the hit-check determination block and the mask
block are set for all the acceptable points (Step S303, FIG.
10C), the hit-check determination block and the mask block
are set for all the defective points (Step S304, FIG. 10D).
However, the defective point 1s processed such that the block
in which the setting 1s already performed 1n the acceptable
point 1s avoided.

As shown 1in FIG. 9B, the rounding process 1s performed to
both the acceptable point and the defective point to generate
the color distribution trend data. The color distribution trend
data corresponds to data 1n which the distribution (color dis-
tribution) on the color space of the color characteristic
amount value obtained from the pixels of the focused region
1s expressed by the combination of the blocks. According to
the expression form, because the pixel color distribution 1s
simplified and formalized, the color distribution trend can
casily be comprehended rather than the pixel distribution on
the color histogram. Particularly, the pixel color distribution
1s the form to which a computer process 1s easily performed,
so that the similanty determination process (identification
process) of the color distribution trend 1s extremely facili-
tated. The data expressed by the combination of the blocks
corresponds to one 1n which the pixel distribution on the
two-dimensional color space 1s converted into the coarse data,
and the conversion has a smoothing effect. Therefore, the
error and variation included 1n the pixel distribution can be
reduced, which generates an advantage that the reliability of
the similarity determination process can be improved. The
color distribution trend data also has the advantage that the
data size 1s extremely small compared with the color histo-
gram. For example, one block has five statues of the hit-check
determination block (shown by white circle with hatching) of
the acceptable point, the mask block (shown by black circle)
ol the acceptable point, the hit-check determination block
(shown by white triangle with hatching) of the defective
point, the mask block (shown by black triangle) of the defec-
tive point, and no setting. Therefore, when one bit 1s allocated
to each status, one block can be expressed by five bits.

The color distribution trend data of the component P1
which 1s computed by the above process 1s stored 1n the color
distribution trend DB 335. The pieces of color distribution
trend data of the many components which has processed in
times past are stored 1n the color distribution trend DB 35
along with the kind of the component and the type of inspec-
tion.

The similar-component selecting function 53 compares the
color distribution trend data concerning the component P1
and the color distribution trend data concerning the previ-
ously inspected component registered in the color distribu-
tion trend DB 55, and the similar-component selecting func-
tion 53 selects the previously inspected component whose
color distribution trend 1s similar to that of the component P1
(Step S204). The similar determination process (1dentifica-
tion) for color distribution trend 1s as follows.

A set of hit-check determination blocks 1s expressed by
HB, a set of hit-check determination blocks and mask blocks
1s expressed by MB, and the set of hit-check determination
blocks and the set of the hit-check determination blocks are
respectively expressed by HBX and MBX for a set of com-
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ponents PX. When both the following expressions are true, 1t
1s determined that the component P1 1s similar to the previ-
ously inspected component P2.

(MB1NMB2) > HB1

(MB1NMB2) 2 HB?

When either of the above expressions 1s false, 1t 1s determined
that the component P1 1s not similar to the previously
ispected component P2. Where the sign “” indicates a
product of two sets, and the sign “>” indicates that the
right-side set 15 a subset of the left-side set.

That 1s, 1n the embodiment, a common distribution range
(hit mask) of the components P1 and P2 is roughly narrowed
by determining the product set (MB1MMB2) of the color
distribution ranges (MB1 and MB2) including the round-off
errors, and similarity/no similarity 1s determined based on
whether the common distribution range includes the color
distribution ranges (HB1, HB2) which do not include the
round-oif errors of components P1 and P2.

FIGS. 11 and 12 show specific examples of a color distri-
bution trend similarity determination process. It 1s deter-
mined that the component P1 and component P2 are similar to
cach other, because the component P1 and component P2
satisly the above expressions. On the other hand, 1t 1s deter-
mined that the component P1 and component P3 are not
similar to each other, because HB1 1s not the subset of
(MB1MMB3).

The similarity determination 1s separately performed to the
acceptable color distribution and the defective color distribu-
tion. When both the acceptable color distribution and the
defective color distribution search the similar component, the
similarity determinations of the acceptable color distribution
and defective color distribution may be performed. When
only the acceptable products are prepared as the sample of the
new component P1, only the similarity determinations of the
acceptable color distribution may be performed. And also,
when only the defective products are prepared as the sample
of the new component P1, only the similarity determinations
of the defective color distribution may be performed. Gener-
ally the color distribution trends are similar to one another 1n
components 1n which the kind of the component 1s common
(similar). Therefore, the similarity determinations are per-
tormed to all the previously inspected components registered
in the color distribution trend DB 55, but the component
having the similar color distribution trend may be selected
from the previously inspected components whose kind 1s 1n
common with the component P1.

When the plural stmilar components are found, the similar-
component selecting function 53 may select all the similar
components, or the similar-component selecting function 53
may select only the component having the highest similarity.
For example the similarity between the component P1 and the
component P2 can be determined by the following formula.

Similarity=the number of blocks included 1n
(HB1NHbH2)/the number of blocks included in
(HB1UHRB?2)

When the previously inspected component whose color
distribution trend 1s similar to that of the component P1 1s
selected 1n the above manner, the teaching data generating
function 54 reads the image of the corresponding previously
inspected component from the component image DB 56 (Step
S205). The teacher image information (teaching data) for
generating the mspection logic of the component P1 1s gen-
erated from the image of the component P1 and the image of
the previously inspected component (Step S206). The teacher
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image information includes the image and teacher informa-
tion for indicating whether the 1image 1s the acceptable image
or the defective image. The generated teacher 1mage infor-
mation 1s stored 1n the teacher image information DB 57.

Through the above-described process, the previously
ispected component in which the acceptable and defective
shapes are similar to those of the new component P1 1s 1den-
tified based on the color distribution trend, and the 1mage of
the component P1 1s expanded (increased in number) by
utilizing the 1mage of the identified previously inspected
component. Therefore, the number of pieces of teacher image
information suificient to generate the mspection logic can be
prepared, even 1f the number of samples of the component P1
does not reach the necessary number of images. The gener-
ated teacher 1image information 1s supplied to an mspection
logic generating process in the mspection logic generating
unit.

(Inspection Logic Generating Process)

FI1G. 13 shows a block diagram of a functional configura-
tion of the mnspection logic generating unit. The 1nspection
logic generating unit includes an instruction information
accepting function 60, a teacher 1image information reading
function 61, an 1mage obtaining function 62, a dividing func-
tion 63, a frequency computing function 64, a color-range
searching function 63, a binarizing function 66, a character-
1stic amount histogram generating function 67, a threshold
determination function 68, an inspection logic generating
function 69, and an mspection logic writing function writing
function 70. A program stored in the memory or storage
device 1s read and executed by CPU to realize these functions.

A flow of an inspection logic generating process will be
described with reference to a flowchart of FIG. 14. An
example in which the inspection logic used in the fillet inspec-
tion will be cited 1n the embodiment.

The 1nstruction information accepting function 60 1s 1n the
waiting state until instruction information for providing an
instruction of automatic generation of the imspection logic 1s
inputted (NO 1 Step S400 and Step S401). When the istruc-
tion information 1s inputted from the information input unit,
the 1nstruction information accepting function 60 transmits
the 1instruction information to the teacher image information
reading function 61 (YES in Step S400). The instruction
information includes information for specifying the teacher
image information of the component P1 which 1s of the target
of inspection logic generation, a kind of the inspection logic
(inspection type), etc.

The teacher image mformation reading function 61 reads
the teacher 1mage information from the teacher image nfor-
mation DB 57 according to the instruction information (Step
S5402). The teacher image information corresponds to the
ispection logic to be produced. The teacher image informa-
tion includes the acceptable image (1image 1n which the solder
fillet having the acceptable shape 1s photographed) and the
defective 1image (1mage 1n which the solder fillet having the
defective shape 1s photographed). The teacher information 1s
imparted to each of the images.

FIG. 15 shows examples of the acceptable image and the
defective 1mage. In the acceptable 1image, acceptable solder
fillets are formed on land regions 81 located at both ends of a
component 80. The teacher information of “acceptable’ is
imparted to each of the land regions 81. On the other hand, 1n
the defective 1image, a component 82 1s obliquely mounted,
which causes defective soldering 1n a land region 83 on one
side. Therefore, the teacher information of “defective” 1s
imparted to the land region 83. The teacher information of
“neglect” 1s imparted to a land region 84 on the opposite side.
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When the teacher image information 1s read, the image
obtaining function 62 extracts the solder region (focused
region), to which the teacher information 1s imparted, from
the teacher image information (Step S403). As shown in FIG.
16, the image obtaining function 62 has a template including
a land window 85 and a component main body window 86.
The windows 85 and 86 are {itted into the land regions 81, 83,
and 84 and the components 80 and 82 1n the 1image by enlarg-
ing or compressing the template or by shifting a relative
position between the land window 835 and the component-
main body window 86. For example, a technique such as the
template matching may be utilized to fit the window. There-
fore, the land region 1s specified for each of the acceptable
image and the defective image. In the embodiment, a portion
where a portion overlapping with the component main body
window 86 1s removed from the land windows 85 1s extracted
as the focused region (see oblique line portion of FIG. 16).

Then, the dividing function 63 divides the extracted solder
region 1nto a target image and an exclusion image based on
the teacher information (Step S404). Because the acceptable
product detection 1s the purpose in the example, the target
image 1s set at the solder region to which the teacher infor-
mation of “acceptable” 1s imparted, and the exclusion image
1s set at the solder region to which the teacher information of
“defective” 1s imparted. The teacher information of “neglect™
1s imparted 1s neglected.

In this case, the target image indicates the acceptable solder
fillet, and the exclusion image indicates the defective solder
fillet. Therefore, producing the optimum color condition for
the fillet mmspection 1s equivalent to determining an optimum
solution of the color range such that the number of pixel
colors of the target image 1s included as much as possible
while the pixel color of the exclusion image 1s substantially
removed.

The frequency computing function 64 determines the color
characteristic amount values of all the pixels of the target
images and exclusion images (Step S4035). At this point,
assuming that the pixel of the target image 1s set at “target
point” and the pixel of the exclusion image 1s set at “exclusion
point”, the frequency 1s computed in the form 1n which the
target 1image and the exclusion image can be distinguished
from each other. The color histogram used 1n Step S405 1s
similar to that used 1n the teaching data generating process.

FIG. 17A shows an example of the two-dimensional color
histogram. The horizontal axis of FIG. 17 A indicates the blue
intensity, the vertical axis indicates the brightness, and both
the blue intensity and the brightness are expressed by the 256
levels ranging from O to 255. The blue signal intensity
becomes weaker as the blue intensity 1s brought close to zero.
That 1s, the blue component 1s not included 1n the pixel as the
blue intensity 1s brought close to zero, and the blue signal
intensity becomes stronger as the blue intensity 1s brought
close to 255. The brightness 1s increased as the value of the
brightness is increased. In FIG. 17A, the white circle (O)
expresses the point at which the frequency of the pixel (target
point) of the target image 1s at least one, and the black triangle
(A) expresses the point at which the frequency of the pixel
(exclusion point) of the exclusion image 1s at least one. The
white circle and the black triangle have the three-dimensional
data of (blue intensity, brightness, frequency).

The color range searching function 65 searches the color
range which optimally distinguish between the color distri-
bution of the target point and the color distribution of the
exclusion point based on the frequency distributions of the
target point and exclusion point shown 1 FIG. 17A (Step
S5406). In the embodiment, for the purpose of the simplifica-
tion of the algorithm, four values of an intensity lower (Blnt),
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an intensity upper limit (BSup), a brightness lower limuit
(LInt), and a brightness upper limit (LSup) are determined as
shown 1n FIG. 17A. The optimum solution to be determined
here 1s a combination (BInf, BSup, LInf, LSup) of four values
in which the number of target points () is included as much

as possible while the exclusion point (A) is not substantially
included.

Specifically the color range searching function 65 com-
putes a frequency total value E for each color range while the
values of Blnf, BSup, LInt, and LSup are changed (see For-
mula 1), and the color range searching function 65 determines
the color range where the frequency total value E becomes the
maximum. The frequency total value E 1s an index for indi-
cating a difference between the number of target points (Ire-
quency) included 1n the color range and the number of exclu-
s1on points (frequency) included 1n the color range. FI1G. 17B
shows a color range where the frequency total value E
becomes the maximum.

BSup LSup

E = Z Z 1S(b, I — R(b, D)}

b=Binf I=Linf

|Formula 1]

b: blue 1intensity

I: brightness

S(b,1): frequency of target point at point (b,1)

R(b,l): frequency of exclusion point at point (b,])

The color range searching function 63 sets the color range,
where the frequency total value E becomes the maximum, at
the 1inspection color condition. Thus, according to the
embodiment, the color characteristic amount which distin-
guishes between the target image (target point) and the exclu-
sion 1mage (exclusion point) and the combination of the color
characteristic amount values are automatically generated and
set at the color condition. In the embodiment, the color con-
dition 1s formed by the four color parameters of the brightness
upper limit, the brightness lower limit, the blue intensity
upper limit, and the blue mtensity lower limit. However, the
parameter may be set by focusing attention on other color
characteristic amounts. For example, the intensity, the bright-
ness, chroma saturation, the hue, color stimulus specification
X,Y,Z and chromaticity x,y,z mm CIEXYZ, L*,a*b* in
CIELAB, etc. L*u(u'),v(v') in CIELUYV can be used as the
color characteristic amount. The number of color character-
1stic amounts constituting the color condition 1s not limited to
the two kinds, but the number of color characteristic amounts
may be one kind or the combination of at least three kinds.
That 1s, the color parameter adopted for the color condition
can appropriately be selected 1n accordance with color pattern
trend possessed by the solder region 1n the 1image. Alterna-
tively, the color parameter 1s not previously determined, but
plural color characteristic amount candidates formed by one
or plural color characteristic amounts 1s prepared, the ire-
quency distribution computing process and the color condi-
tion computing process are performed to each of the color
characteristic amount candidates, and the optimum color
characteristic amount 1s preferably adopted as the color con-
dition from the color characteristic amount candidates. At this
point, degrees of separation of the target point and exclusion
point (in the embodiment, the maximum frequency total
value E corresponds to the degree of separation) are deter-
mined for the frequency distribution of each color character-
1stic amount candidate to compare the degrees of separation
to one another, and thereby the color characteristic amount
candidate to be adopted may be determined. For example, one
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color characteristic amount candidate 1n which the degree of
separation becomes the maximum may be selected, or the
plural color characteristic amount candidates may be selected
in the descending order of the degree of separation. In addi-
tion to the above techmques, well-known techniques such as
discrimination analysis and SVM (Support Vector Machine)
can be used as the technique of searching the color range.

Then, a process of automatically generating the inspection
determination condition 1s performed using the color condi-
tion.

The binarizing function 66 binarizes all the solder regions
of the acceptable image and defective image using the color
condition (Step S407). In the binarizing process, the pixel
included within the color range defined by the color condition
1s converted into the white pixel, and other pixels are con-
verted 1nto the black pixels.

When the binarization 1s performed under the color condi-
tion, the white pixel region i1s extremely enlarged in the
acceptable 1mage, and the white pixel region 1s extremely
decreased 1n the defective image (see FIG. 5). Therelore,
when the binary image 1s utilized, the characteristic amount
for distinguishing between the acceptable product and the
defective product 1s easy to compute quantitatively. The area,
an area ratio, a center of gravity, the length, a maximum
width, the shape, etc. of the white pixel region can be cited as
an example of the characteristic amount. In this case, the area
1s selected as the characteristic amount. It 1s also preferable to
combine the plural kinds of the characteristic amounts rather
than one kind of the characteristic amount. As with the color
characteristic amount, the kind of the characteristic amount
may previously be determined, and a set or combination of the
characteristic amount and threshold, which can distinguish
best between the acceptable 1mage and the defective image,
may be adopted as a dynamic determination condition by
performing a below-mentioned threshold computing process
to the plural characteristic amount candidates.

The characteristic amount histogram generating function
67 determines the frequency distribution of the area value of
the white pixel region for each of the acceptable image and the
defective 1mage 1n order to comprehend the difference
between the characteristic amount distribution trend of the
acceptable 1mage and the characteristic amount distribution
trend of the defective image (Step S408). In this case, an area
histogram 1s used to visually show the frequency distribution
of the area value. FIG. 18 shows examples of the area histo-
grams of the acceptable image and the defective image (here-
mafter simply referred to as “acceptable histogram™ and
“defective histogram”). As can be seen from FI1G. 18, the clear
difference emerges between the characteristic amount distri-
bution of the acceptable image and the characteristic amount
distribution of the defective image.

Then, the threshold determination function 68 computes
the threshold, which can best separate the characteristic
amount value of the acceptable image and the characteristic
amount value of the defective image, based on the frequency
distributions of the acceptable histogram and defective histo-
gram (Step S409). There have been proposed various tech-
niques of separating the two mountains emerging in the char-
acteristic amount histogram. In this case, any technique may
be adopted. For example, Otsu’s discrimination analysis may
be utilized, or a point separated away from a peak of the
mountain by 30 may be set at the threshold based on experi-
ence. Thus, the threshold for distinguishing between the
acceptable product and the defective product is generated.

The 1mspection logic generating function 69 generates the
inspection logic from the color condition and the determina-
tion condition (Step S410), and the inspection logic writing
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tfunction 70 writes the inspection logic 1n the inspection logic
storage unit 35 of the board inspection apparatus 1 (Step
S411).

According to the above-described spection logic gener-
ating process, the mspection logic used 1n the board 1nspec-
tion process 1s automatically generated, so that a time and
load required for the teaching can be largely decreased.

Even 1in the new component in which the number of
samples 1s small, the sullicient amount of adequate teaching
data (teacher 1mage information) can automatically be pro-
duced, so that high-reliability inspection logic can be pro-
duced. As aresult, the acceptable and defective determination
can be performed with high accuracy in the component
mounted state.

(Modifications)

Only one specific example 1s illustrated in the above
embodiment. The mmvention 1s not limited to the above
embodiment, but various modifications can be made without
departing from the scope of the technical thought of the
invention.

For example, 1in the above embodiment, the acceptable and
defective samples are prepared as the sample of the new
component P1. However, sometimes 1t 1s actually difficult to
prepare the defective sample. In such cases, the color distri-
bution trend data concerning the acceptable 1image 1s gener-
ated from the acceptable sample i1mage, the previously
inspected component having the similarity of the acceptable
color distribution trend 1s selected, and the teaching data for
the component P1 may be generated from the acceptable
image for the component P1 and the defective image of the
selected previously inspected component. In the case where 1t
1s necessary to icrease the number of acceptable images, the
acceptable image of the previously imnspected component may
be utilized.

In the above embodiment, the 1mage of the previously
inspected component 1s directly utilized. However, the image
in which the deformation or the correction 1s performed to the
image may be utilized 1f necessary. For example, 1n the case
where the new component differs from the previously
inspected component 1n the shape and size of the focused
region, the shape and size of the focused region of the previ-
ously inspected component may be matched with those of the
focused region of the new component by deforming, enlarg-
ing, and compressing the image of the previously ispected
component.

In the above embodiment, the solder portion (land portion)
1s set at the focused region. However, the place of the focused
region may appropriately be set according to the mnspection
type, etc. For example, 1n the case where the lack of the
component 1s mspected by presence or absence of the com-
ponent, the main body portion of the component 1s set at the
focused region. When the color of the component main body
emerges 1n the focused region, 1t 1s determined that the prod-
uct 1s acceptable. When the color of the board emerges 1n the
focused region, 1t 1s determined that the product 1s defective
(lack of component). The sample image for teaching the color
of the component main body and the sample 1mage for teach-
ing the color of the board are required 1n this kind of inspec-
tion. In this case, when the number of samples of the new
component 1s small, or when the samples are prepared only
for the component main body or the board, the previously
ispected component having the similarity of the color dis-
tribution trend of the component main body or the board can
be utilized from the previously inspected components like the
above embodiment.

In the above embodiment, the original image 1s stored and
utilized as the 1mage of the previously mspected component.
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The image 1n which the original image 1s appropnately pro-
cessed may be stored and utilized as the 1mage. For example,
the post-pixel mapping color histogram may be stored 1n the
component image DB. Therefore, load on the inspection logic
generating process can be reduced. That 1s, 1n addition to the
original 1mage, the 1image in the mvention includes data 1n
which the process (of generating the data format suitable to
the storage, the utilization, and the mspection logic generat-
ing process) 1s performed to the original image.

In the color condition of the above embodiment, the two
color characteristic amounts are used as the parameter, the
color range 1s regulated by the maximum value and minimum
value of the color characteristic amount, and the range
expressing the rectangular shape 1s set in the two-dimensional
plane. However, the color range determination method 1s not
limited to the embodiment, but the rage expressing a circle, a
polygonal shape, a free-form curve graphic, etc. may be set in
the two-dimensional plane. In the case where at least three
parameters are used, similarly the maximum value and the
minimum value are determined for each parameter to set the
combination thereof at the color range, or color range may be
expressed for the combination of at least two parameters (for
example, range expressing sphere in three-dimensional
space). In addition to the technique described in the embodi-
ment, the well-known techniques such as the discrimination
analysis and SVM (Support Vector Machine) can be used as
the technique of searching the color range.

In the above embodiment, the fillet inspection 1s cited as an
example. The mvention can also be applied other board
ispection processes as long as a region 1s extracted based on
the color condition to make the determination of a certain
characteristic amount possessed by the extracted region
based on the determination condition.

In the above embodiment, the area 1s used as the charac-
teristic amount. In addition, the area ratio, the length, the
maximum width, the center of gravity, etc. can preferably be
adopted as the characteristic amount used 1n the acceptable
and defective determination. The area ratio means an occu-
pancy rate of the area binarized in the land window. For
example, when the component is soldered while shifted from
the land region, the area of the solder region 1s increased or
decreased, so that the area ratio 1s changed. When the change
1n area ratio 1s treated as the characteristic amount, the area
ratio 1s effective in inspecting the component shift. The length
means the length 1n the longitudinal direction or 1n the cross-
wise direction of the white pixel region, and the maximum
length means the maximum value 1n the lengths of the white
pixel region. The center of gravity means the relative position
of the center of gravity of the white pixel region with respect
to the land window.

Any characteristic amount may be used as long as the
acceptable and defective determination can be performed
with high accuracy. It 1s preferable that the plural kinds of the
characteristic amounts be combined 1n order to improve the
accuracy. The plural kinds of the characteristic amounts are
extracted 1n the mspection logic setting process, and the kind
of the characteristic amount 1n which the acceptable 1mage
and defective image are best separated can be adopted as the
characteristic amount. In the above embodiment, the area
histogram (area value histogram) 1s used 1n determining the
determination condition. When the different kind of the char-
acteristic amount 1s adopted, the corresponding characteristic
amount histogram (area ratio histogram, length histogram,
maximum width histogram, gravity center histogram, etc.)
can be used. For example, when the area ratio histogram 1s
used instead of the area value histogram, the acceptable and
defective determination 1s performed by the occupation rate
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of the pixel binarized by the color parameter in the land
window. Therefore, even if the component 1s shifted or
inclined to increase or decrease the size of the land window,
the determination process can be performed with no influence
ol the size of the land window.

What 1s claimed 1s:

1. A method of generating imspection logic used 1n board
ispection, the board 1mspection determining whether a sur-
face-mounted state of a new component i1s acceptable or
defective by checking a color of a focused region 1n an 1nspec-
tion image of the board surface-mounted new component, the
method comprising:

storing a reference 1mage of each of a plurality of previ-

ously inspected components 1n a storage device of an
information processing apparatus;

computing color distribution trend data which indicates a

color distribution trend of a focused region 1n each of the
reference 1mages of the previously mspected compo-
nents;

obtaining the image of the new component;

computing color distribution trend data which indicates the

color distribution trend of the focused region in the
inspection 1image of the new component;

selecting the previously mspected component having the

color distribution trend similar to that of the new com-
ponent by comparing the color distribution trend data
concerning the new component and the color distribu-
tion trend data concerning the previously ispected
component;

reading the 1mage of the selected previously inspected

component from the storage device; and

generating the inspection logic of the new component

using the mspection 1image of the new component and
the reference 1mage of the read previously mspected
component as teaching data;

wherein the color distribution trend data 1s computed based

on a distribution on a color space of a color characteristic
amount value obtained from a pixel of the focused
region, and

wherein the method 1s performed by the information pro-

cessing apparatus.

2. An 1nspection logic setting method according to claim 1,
wherein the inspection image of the new component 1s
formed only by an acceptable 1image, only by a defective
image, or by both the acceptable image and the defective
image, and

the reference image of the previously mspected component

1s formed by both the acceptable image and the defective
image.

3. An mspection logic setting method according to claim 1,
wherein a kind of the component is also stored 1n the storage
device, and

an information processing device selects the component

having the similar color distribution trend from the pre-
viously mspected components having the kind common
to the new component and the previously inspected com-
ponent.

4. An 1nspection logic setting method according to claim 1,
wherein the color distribution trend data 1s data 1n which the
distribution of the color characteristic amount value obtained
from the pixel of the focused region 1s expressed by combi-
nation of blocks partitioning the color space.

5. An mspection logic setting method according to claim 1,
wherein the kind of the color characteristic amount used in
computing the color distribution trend data 1s a color charac-
teristic amount which 1s selected such that a difference 1s
generated between a distribution of the color characteristic
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amount value obtained from the pixel of the focused region 1n
an acceptable 1mage and a distribution of the color character-
1stic amount value obtained from the pixel of the focused
region 1in a defective image.
6. An inspection logic setting method according to claim 1,
further comprising:
determiming a frequency distribution of the color charac-
teristic amount value of each of a target point and an
exclusion point for one or a plurality of color character-
1stic amount values, assuming that each pixel of the
focused region 1n an acceptable 1mage 1s set at a target
point 1n the teaching data and each pixel of the focused
region 1n a defective image 1s set at an exclusion point 1n
the teaching data;
determiming a range of the color characteristic amount
value, which best separates the color characteristic
amount value of the target point and the color character-
1stic amount value of the exclusion point, based on the
frequency distribution of the one or plurality of color
characteristic amount values; and
setting a kind and a value range of the one or plurality of
color characteristic amounts at a color condition for
extracting a specific color region from the focused
region 1n the inspection 1image of the component to be
mspected.
7. An mspection logic setting method according to claim 6,
further comprising:
extracting a pixel region satisfying the color condition
from each of the focused region 1n the acceptable 1mage
in the teaching data and the focused region 1n the defec-
tive 1mage 1n the teaching data;
determiming a frequency distribution of a characteristic
amount value of each of the plurality of pixel regions for
the one or plurality of characteristic amount concerning
the extracted pixel region;
determining a range of the characteristic amount value,
which best separates the characteristic amount value of
the target point and the characteristic amount value of
the exclusion point, based on the frequency distribution
of the one or plurality of characteristic amount values;
and

setting the kind and the value range of the one or plurality
of characteristic amounts at a determination condition
for determining whether the surface-mounted state of
the component to be mnspected 1s acceptable or defective.

8. An apparatus for generating inspection logic used 1n
board mspection, the board inspection determining whether a
surface-mounted state of a new component 1s acceptable or
defective by checking a color of a focused region 1n an mnspec-
tion 1mage of a board surface-mounted component, the appa-
ratus comprising:

a storage device in which a reference image of a previously

ispected component 1s stored;

an 1mage obtaiming device which obtains an 1nspection
image of the new component;

a color distribution trend computing device which com-
putes both color distribution trend data for indicating a
color distribution trend of the focused region in the
inspection 1image of the new component and color dis-
tribution trend data for indicating the color distribution
trend of the focused region 1n the reference image of the
previously mspected component;

a stmilarity component selecting device which selects the
previously inspected component having the color distri-
bution trend similar to that of the new component by
comparing the color distribution trend data concerning
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the new component and the color distribution trend data
concerning the previously mspected component;

a teaching data generating device which reads the image of
the selected previously inspected component from the
storage device to generate teaching data from the inspec-
tion 1mage of the new component and the reference
image of the previously mspected component; and

an mspection logic generating device which generates the
inspection logic from the teaching data,

wherein the color distribution trend data computing device
computes the color distribution trend data based on a
distribution on a color space of a color characteristic
amount value obtained from a pixel of the focused
region.
9. An mspection logic setting apparatus according to claim
8, wherein a kind of the component 1s also stored in the
storage device, and

the similarity component selecting device selects the com-
ponent having the similar color distribution trend from
the previously mspected components having the kind
common to the new component and the previously
ispected component.

10. An mspection logic setting apparatus according to
claim 8, wherein the color distribution trend data computing
device expresses the distribution of the color characteristic
amount value obtained from the pixel of the focused region by
combination of blocks partitioning the color space.

11. An mspection logic setting apparatus according to
claiam 8, wherein the color distribution trend computing
device selects the color characteristic amount as the kind of
the color characteristic amount used 1n computing the color
distribution trend data such that a difference 1s generated
between a distribution of the color characteristic amount
value obtained from the pixel of the focused region 1n an
acceptable image and a distribution of the color characteristic
amount value obtained from the pixel of the focused region 1in
a defective 1mage.

12. An mspection logic setting apparatus according to
claim 8, wherein the mspection logic generating device con-
stituting an ispection logic apparatus includes:

a device which determines a frequency distribution of the
color characteristic amount value of each of a target
point and an exclusion point for one or a plurality of
color characteristic amount values, assuming that each
pixel of the focused region 1n the acceptable 1mage 1s set
at a target point 1n the teaching data and each pixel of the
focused region 1n the defective image 1s set at an exclu-
sion point 1n the teaching data;
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a device which determines a range of the color character-
1stic amount value, which best separates the color char-
acteristic amount value of the target point and the color
characteristic amount value of the exclusion point, based
on the frequency distribution of the one or plurality of
color characteristic amount values; and

a device which sets kinds and value ranges of the one or
plurality of color characteristic amounts at a color con-
dition for extracting a specific color region from the
focused region 1n the 1mage of the component to be
ispected.

13. An ispection logic setting apparatus according to
claim 12, wherein the inspection logic generating device fur-
ther includes:

a device which extracts a pixel region satistying the color
condition from each of the focused region 1n the accept-
able image 1n the teaching data and the focused region 1n
the defective image 1n the teaching data;

a device which determines a frequency distribution of a
characteristic amount value of each of the plurality of
pixel regions for the one or plurality of characteristic
amount concerning the extracted pixel region;

a device which determines a range of the characteristic
amount value, which best separates the characteristic
amount value of the target point and the characteristic
amount value of the exclusion point, based on the fre-
quency distribution of the one or plurality of character-
1stic amount values; and

a device which sets the kind and the value range of the one
or plurality of characteristic amounts at a determination
condition for determining whether the surface-mounted
state of the component to be 1nspected 1s acceptable or
defective.

14. A board inspection apparatus comprising:

a storage unit in which a color condition and a determina-
tion condition are stored, the color condition and the
determination condition being generated by a inspection
logic generating method according to claim 7;

a floodlighting device which illuminates a surface-
mounted component on a board with light beams of a
plurality of colors at different incident angles;

a region extracting device which extracts a region satisiy-
ing the color condition from a focused region of an
image taken with a reflected light beam; and

an 1nspection device which determines the surface-
mounted state of the component based on whether or not
a characteristic amount possessed by the extracted
region satisfies the determination condition.
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